a a ee 


{.c. 7380 | SepTeMBER 1946 


UNITED STATES 
DEPARTMENT OF THE INTERIOR 
J. A. Kruc, SECRETARY 


BUREAU OF MINES 
R. R. Savers, DIRECTOR 


; a INFORMATION CIRCULAR 


SAFE STORAGE, HANDLING, AND USE OF COMMERCIAL 
EXPLOSIVES IN METAL MINES, NONMETALLIC 


MINES, AND QUARRIES 


BY 


D. HARRINGTON AND J. H. EAST, JR. 


viatizes by (SO gle THE OHIO STATE UNIVERSITY 


leo 7300, 
September 1946, 


INFORMATION CIRCULAR» 


UNITED STATES DEPARTMENT OF INTERIOR — BUREAU OF MIt 


eev~eeaeeerhavertrer 


SAFE STORAGE, . HANDLING, , AND USE UF COMMERCIAL cle aaa IN 
METAL ViINES,. NONMETALLIC MINES, AND QUARRIE 
By. 2. Hosringtondl and J. H East, Jr.3/ 


@*7e@wpre RB Gane + | CONTENTS 


@esvateQ_ oes 


E 


ae Introduction, .s.sceeveesssccsessees 
- Statistics on the use of explosives 

-» Definition: of. explosives. eeeeoeeeece 

-> Cheracterigstics of explosives,...ee 

- Claseee of. Aynamites.cccccevecsecce 

a i Straight dynam’ te, .ecseccsccces . 

ocvssee Gelatin. dynamite, ..wwevevcencse 

oees  “Amriohia dynamite..cevececsseses 

@ercser Permicaible dynamite... reccccce 

oo+eeee Ammonium nitrate emlosives.ey. . 

scoesee Organic nitrate explo sizes, .2~: . 

»o Liquid -carton dioxids es pieeS eewea 
Liquid-oxygen explosives .....cccese 

Black blasting ‘powder. secvececcvore LO 

i Snokeless POWDET. ccccccccnsecceecce 12 
- Detonators and Lgniters..crccccsersce 12 


0W0H0 KH OWZIVWIM ONO 


a nee ee Blasting: ‘Caps, evece cose ceaccee: i re are 
> ae Electric blasting caps.ceccesn AS © 2: 

soy saee Detonating, £2130. crares0 010 eeieeoee + aa 

Se TEAL CGT Gisiwesecet cas secse ence 14 

vee ee Squibs, © O-6' O20 © DDV1OS 0 O°010 00 01? © 6.9 © 14 

es pawe . Electric squils..os.032s eocecee 14. 


Gibiptse. « Delay electric squibs.s.couces 14 
me Delay electric igniters,..cecce 15 
eo.--. Safety fuse... © © © OOS © STDS WTO DODD E! : 18 
veoves Blasting machines,.,cccccscsvcceseo 15 | 
otases Storage of explosives.. © 00 cree Ore -BI0K0 © - L604 
ea Construction of magazines... 16: . 
evsee.. Transportation of explosives..cccee’ 18 - 
Use of Bry rots nasa beeereee reereee aD 


* @@acece@e., 


The Bureau of Mines will welcome. reprinting a this paper: seer FP the 
following footnote acknowledgment. da ueed:. . Reprinted from Bureau of 
Mines Information Circular 7380," 

2/ Chief, Health and Sefety Branch, Bureau of Mines, Washington, D. 6, 

3/ Mining engineer, Bureau of Mines, Washington, D. 6. 


1240 


Google 


I.C. 7380 ; 


& fo 5 oo ND Oh ee 


CONTENTS (Cont'd) 


Opening explosives containers .....cccceccece 
Charging DOI GS. icon ited etiwiwekewew ee eskebeex 
MACINE “Primer sisccé ssw Se sae tess osanceeceeeuesese se 
Safety fuse and Cap dlasting..cccccccrscaccccpeccne 
Electric WLOGCINE 42405-60es0ebeees eee eeseseeseoeous 
Use of a blasting machine or battery. .ccoccce 

JOb aI ng vscicsscnscewasesUeneebecuncemeveeses 
Some typical blasting ACCLdents,. weecccscvcvacvceccecce 
Snelter dlasting ACCLASNE. coccccvccccccccnece 

Comm ents.coccccccccccccceseccscsccegences 


Failure to give idee causes an accident... 


Mindell iaton suet iecienodasinsein 


Two accidents while. capping FUSE, oc ccegecccce 


CommentSeccccccrccccccccccccsccecgeccons 


Smoking probably Causes an accident....eccees 


mmeént Beceec coer vcerececcccccceccecooes 
Shaft acci dent’ caused ‘by using short fuse.ece 


OMEN ES. seeeeeverereseeseecoceseevocecs 


ees f@¢ 6 


TPS aI i as ee 
Bureau of, Mines publications. s..scereereorese 


me nmee 


| ILLUSTRATIONS 


Cece e tet miowa. - 


Pato gat +s tye 


Plan and sections af cement-mortar MAGZAZINCG. cecccccccccscccce 
Magazine of simple construction for. storing small quantities 
of explosives, .everevses PPLE LLPEOCOOOOOCEO OHO OOOHO STOOD OOCOOD 


Standard sand-filled or weak. concrete-filled MAGATINC. + s0000 


Oo e& 


Magazine tea als ica a 
Fox-type magazine for. ‘storing. smell quantities of explosives 
or thoso for immediate distribution. .rvcccvcccccscccccccese 

Recommended methods for making primers with safety fuse and 


blasting CAD Wenn e osc costs Sa Sawa RR Ne ewe EeS 


Recommended methods. for making primers with electric blasting 


: CEP Bs cwrcccvepeccccccccereesesesesepereeasesee soo bsegeeessene 


ae Bae 


Google 


cameraman 


Following 


16 


I.C, 7380 
pee non 


The tremendops easton of inaaetey vine the war and the unprecedented 
demands for metals and minerals ‘ere reflected in the production and use of 
explosives during that period, -The increased use of explosives brought added 
safety problems to industry because. of the necessity of using men as blasters 
who were not ontirely familiar with and some who were totally unfamiliar with 
the characteristics of some or ali of the various explosives. A discussion of 
the charactoristics of the ordinary: types of explosives used in industry : 
should assist in giving a better understanding of the hazards attending their 
use, Explosives are compounded, so they may be used with reasonable safety ~ 
provided the user understands and followg.the procedure recognized as standard 
safety practice, Short cuts and the failure to understand and use recognized 
safe practices, as well as the sélection of sisirelamiiead unstited for the work 
at hand, are all part .of the safety problen, 


_ The extent to which explosives are used in the United States is shown by a 
study of the statiatic¢s compiled by the Bureau of Hines’! regarding them, Some 
of these statistics are shown below and serve as an indicator of the tremendous 
number of men engaged in the transportation, storage, and use 6f explosives, 
These men are exposed to the inherent hazards attending this occupation and 
they ‘should be familiar with the’ ‘recogni zed safe practices relative to explo- 
sives, . bn 


“© . ee 


STATISTICS ON” THE USE OF EXPLOSIVES 


, The dopestic Sroquetien of all Siesete of industrial explosives ! in 1938. 
was 332,130,498 pounds, compared with the total production in 1943 of 477,650,985 
pounds, and in 1944 of 464,111,323 pounds, an increase of 43.8 percent: and. 
39.8 percent respectively. The aa of pmeU BNET eC. “explosives is tou 
by years in table 1 and graph A, : a | . 

TABLE 1, - Explosives used in sciaidiiaas the United States, in pounds 

High cepted - 

other than 


Year| permissibles: Permigsible e? clo st: yes Blacic blag ting powder To tal 


1938| 238,576,242 © 41,859,281 . 51,694,975 332,130,498 
1939! 278,250,328 |. .49,950,416 58 , 236,825 386 , 437, 568 
1940| 305,179,700 ‘|.. 58,436,130 _ 59.753, 400 423, 369, 230 
1941| . 351,857,453 ' 70,612,209 - 59,457,575. 1481,927, 237 
1942} 359,698,547 ° 84,022,296 55,533,750 ~ 499 , 254,593 
1943/ 338,573,441 92;655,519 46,422,025 © 477,650, 985 
944 8 613, 30) 102,538,247... 42,959,775 464,111, 32 


eae W. We, and Wrenn, Voce 
United States During the calendar Year 1942: 


Production of Industrial “Explosives in the 


‘Bureau of nines Tech, Paper 


658, 1944, 24 pp. 
Adams, W. W. and Wrenn, V. E., Production of Industrial Explosives in the 


United States During the Calendar Year 1943: Bureau of Mines Tech. Paper 
665, 1944, 26 pp. 
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During the 7-year period from 1938 to 1944, inclusive, industry has made 
@ definite change in the types and kinds of explosives used. Dynamites of 
various types have replaced bldck blasting powder to a large extent, as shown 
in tables land 2, In 1938,. black blasting powder. used in industry amounted 
to 15,6 percent of all commercial explosives consumed in the United States, 
but only 9,2 pertent in 1944, This change is reflected largely in the in- 
creased use of permissible explosives, which are modified dynamites: used 
chiefly in coal'‘mining. Permissible.explosives comprised only 12.6 percent 
of the commercial ‘6xplosives used in 1938, but 22,1 percent in 1944 (table 2), 
In 1944, dynemite of all types amounted to 90.8 percent of all commercial. 
explosives used. as compared with 84,4.percent in 1938, if 


. TABLE 2, ~ Percentage of total explosives u sed, by. types : | 
| High explosives! | | yng 


' 
' 


_. | other. than, ../. . |.ALL types. of | Black blasting | off 
_XYear! permissi bles Permissible c oh'gets bus < DO WCE . 0 ee 
1938 | 71,8 iP Co een ae < gee 15,6 rg .. 

1939 | 72.0 12.9. nk -. 86.9 abe, ng ead 100.0. 

1941; 73,1 Litnerrt@els. pobinc alle? oa? ah ty eat: ot knee, 

1942 | a” fee | 88,9 “V1.1 | * 100.0 

1943 | 70.9 | 19,4 90,3 9,7 100.0 

1944 | 68,7 | 22,1 90,8 9.2 100,0 


Mining and quarrying consumed 54,6 percent of the explosives used in 
industry in 1938 and 76,0 percent in 1944, Railways, construction, agricul- 
ture, and other types of work used relatively large amounts ‘of explosives as 
shown in tablo 3, ~ _ ‘ess r¢ 


TABLE 3, - Dynamite and permissible explosives used in 
| industry, 1938-44, in pounds 


| | Railway and other 


181,397,459 85,743,195 13,294,869 280,435,523 
1939 215,261, 799 | . 99, 80%. 200 . 13,131,744 |328,200,743 
1940 250,616,485 = 102,134,470 10,864,875 — | 363,615,830 
1941 303,803,470 | 108,559,440 10,104,752. "| 422, 469,662 
1942 331,134,521 |° 104,580,307 | 8,010,390 - | 443,725,218 
1943 348 ,942, 364 73,961,697 -: ~ 8,324,899 * |431, 228,960 


1944 | 352,530,818 59,272,595 | 9,348,135 ~~ 1421,151,548 


Black blasting powder used-in the United States amounted to: 42,959,775 
pounds in 1944, as compared. wi-th 51,694,975 pounds in 1938 and 59,753,400 pounds 
in 1940, Coal mining consumed approximately 93 percent of the black blasting 
powder used in 1944, ‘The annual use of black blasting powder in the period 
1938-44, is shown in table 4 and graph B, ‘ ‘ 
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Graph A. - Explosives used in industry. 
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| ‘TABLE:4, - Black dlasting powder used in different industries, 
aot is , Fy eRe A288, in pounes : Po 


Ral bwaye and other | 
fox t i 


9 48,290,975 Ls 3,037,000 - 867,000 

1939 53,772,050 8,757,400 | 707,375 «(58,236,825 

1940 _ 56,337,850 | "2,547,875 | 867,675 59,753, 400 - 

1941; ~*2:56,661,175 | 2,593, 450 202, 950 59, 457,575 

1942 | <2 :.53,044,000 , 2,392,200 — . 2,860 - 55,533, 750 . 

1943 | ,, 45,706,350 * 601,325 124,350 “ 146,422,025. 
1,117,125 ag 


41,619,500 28, 150 42,959, 775 -* 


DEFINITION oF EXPLOSIVES - od sed oa 


An ordinary industrial weanakve ee abies 5 as any chaatont pee 
or mixture that can be ignited or detonated by a blasting cap or an electric 
blasting cap that contains a charge of 2 grams of a mixture of 90—percent 
mercury. fulminate and 10—percent potassium chlorate or its equivalent, A more 
general definition of an explosive is any substance, usually a chemical 
mixture, that has the property of yielding readily to ¢ombustion or oxidation © 
upon the application of flame or shock, the combustion or oxidation process 
being rapid and accompanied by formation’ of such relatively large quantities 
of gases that much violence and pressure are produced; these in turn react ~ 
against their ere and ‘cause what is seamen an explosion, | 


The intenaed action of all explosives is destructive and disruptive of 
eadjacent materials; hence, all explosives are potentially hazardous, and every 
type of explosive, irrespective of its relative safety, should be handled, 
stored, and used with utmost care at all times and under all conditions. An 
explosive can be made safe only in certain of its features and under certain 
condi tions ‘and circumstances, . Most types of modérn explosives used in industry 
can be utilized advantageously with a considerable degree of safety if these 
facts are ‘always kept in mind... The railroad's of the United States transported 
more than 6,000,000,000 potinds of explosivés in the last 20 years without injury 
to any person insofar as available records. indicate,. and this shows that explo- 
sives can be asunieaege a de _ tre lee ar. 

‘Goa enctel, explosives ae be cone deees Sr hastions high explosives, such. 
as the dynanites and permissible. explosives, the black blasting powders, some 
smokeless powders for ammunition used by sportsmen and for similar purposes, 
end the various kinds of igniters and detonators used to fire charges of high 
explosives. and,black blasting. powder. .. Commercial explosives usually are very 
different from military explosives,.- end,.dn-general, the two types are not . 
suitable’ for.interchange, . However, considerable dynamite is used in military 
construction, a small amount of black blasting powder is used in loading shells, 
and some of the constituents of ah Oe sia ila are used in the Randi ec vues 
of commercial sa a . +e 
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There are devices end oe that. asconeli ah resdlits suena similar 
to well-defined explosives, such as, dynamites.and_black blasting powder. These 
results are obtained by utilizing the expansive: properties of liquid carbon 
dioxide, by the uge of: heavy pressure. of alr ox’ ‘other.gas through a system of 
piping; and by utilizing , the explosive effect. of liquid oxygen. ‘These devices 
and methods are destructive and disruptive of adjacent materials, and they are . 
explosives. in effect, if not in name or. bm exact definition,-and should be 
handled with. ‘as much care as is the ordittary commercial explosive, _ ‘The use 
of liquid carbon dioxide and high air pressure as explosives is confined al- 
most ‘entirely :to coal mining, while the. largest use of liquid oxygen for 
blasting in the United States 1s in strip. Coalemining operations and, to a 
far lesser extent,” traprock quarrying, another relatively new explosive 
used to some extent in quarrying and often referred td as "safe" is an ammoniw 
nitrate compound, However, all of these devices and compounds are intended 
to be pies and are, in fact, BAPLO GSEs. : 


_ CHARAOTERI sTICS oF EXPLOSIVES 


High Sains include ‘the. tapes: abate dbconpoec. -by detonation. The = 
detonation ig an extremely. rapid almost peor ee ee and the ee 
ant action. is violent end ererunts yes os | 2 


Commercial high tai ved are eeu: termed dynamites, There are . 
several classes and many,.grades of dynamites, each having ite own propertiés 
and characteristics and designed for certain kinds of work, Broadly speaking, 
dynamites are clagsed as Straight, gelatin, oe enneereray® acre and 
permissibse. tho. 

Metal ‘ana nonmetallic mining consumes mo st. ‘of the commercial dynamite aca 
produced, while the permissible dynamites are used largely in coal mining, —3° 
Many commercial’ explosives are composed of some proportion of, nitroglycerin. 
absorbed in other materials, such as wood _pulp,. sodium. nitrate, or other =. 
absorbents, The absorbent ts varied by introducing other materials of an- 
explosive nature, or for the purpose. of cooling or. otherwise. ileaadaes some 
Featire of the ni troglyeerin in or after being fired, ae 


Witropigoorin is an oily substance about one and éno-haif bine: as en 
as wator (sp.gr., 1.6), is almost insoluble in water, and is used as a princi- 
pal or actjve ingredient:in dynamite. -It is used commercially,in tho form of. 
@ liquid for "shooting!" -of1 wells, It is: highly explosive "end very sengitive 
to shock,- friction, heat;:.and flane ‘end’ an See be aoey hazardous ‘substance to 
store, a a Or handle, ; | : 

a, tee ie ta @ ‘ =e a 

The: -choice of a'suftable explosive. to use for ‘a ee type ‘Gf work is 
best-solved by consulting. wi th. a: reprégentative - of some responsible explo sives- 
manufacturing compary}:-but :the ras lowa ng propertics should he considered when 
this advice ig not avatlablez. -- sglceniti’ ! 

(1) Strength of dynamite refers to the energy content of-an exlosive, 
which in turn determines the force and power sat develops and the work it is 
capable of doing, 
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(2) The. denny ‘of a dynamite isthe weight per unit of volume, ‘hq © 
chi of purpose of density variations in explosives is to enable the blastor to 
sgoncenstetc or Gi striuute the ieee at will. a. ae . 


(3) ms velocity of a Avaintta ie. ‘the measure, in. fect. per second; pom 
the speed at which the detonation wave travels through a column of explosive; 
the velocity of detonation indicates the speed: ‘ef action .of an explosive, : 
The explosive detonates more eed as the velocity is increased, and*it: ae 
@ greater shattering effect,. oT 


(4) The water resistance: batece to. ‘the ‘ability of dynenites to: resist 


a 
f° is 
s he tein 


the effects of water. ee dynamite is practically. waterproof, ” ies 


| ' (5) Wodern commercial explosives: wili-not freeze under the seeneunacie 
conditions found in this country.) : Dynamite that is hard and believed to be 
frozen should: not be ‘thawed, The-dynamite should be ambi = a Presenter 
ive of the ep ene camatao art ae: compas i’ 

(6) The explosion of dynam’ te reduaes toxic end eee eises ‘or’ err 
that are principally..carbon dtoxfde,: ni trogen, . and steam‘ ‘under certain cir- 
cumstances carbon monoxide, oxides-of nitrogen, and hydrogen mun fide are : 
present;: carbon: menen oe is nearly: alieye found after blarting. oh Be 


_« 
t 


os |, CLASBES, OF DIAMITES | 
Peg, ‘+ ce ane oes ’ = 


Stra foes ans eg : Pn 


| Straight rr is nangfactnrad in varying strengths yp to 60 Gaceent: 

~The percentage strength of a straight dynamite refere: to- the actual percentage 

-of weight of nitroglycerin it contains, It is used ‘chiefly. for mud-capping, 
demolition, ard ‘blasting. under - water as it resists water well, particularly 

+ {n the higher strengths, It has. a high. veloci ty, which nee a “ shat ter- 

ane ee Ons. ee * ) gee 4 


Straight dynamite should not be ‘used unietercued ‘or in confined places on 
account of the excessive amount of, toxie fumes ween detonation, 


Gelatin dyhimite. is menntas cia: in eetes waning from 20 ‘to 90 percent, 
The explosive base ts a jelly made by dissolving nitrocotton in nitroglycerin, 
It is practically waterproof, very dense;’"and plastic, When well-confined, 
it has.a high velocity and a quick shattering: action, This explosive is used 
largely underground: in wet work and where the ground is tight or extremely hard. 

- The: fumes pf gelatin dynamite up to 60—perdent grade are usually rated as 

satisfactory in ‘connection with its use underground, The use of this explosive is 
limited, | as it: ae more expensive than sore ‘other. types... 


eh. 


aa a Osi ache a 8 ee i < , i 
o Pe - pe SE -domonie Dyhent te 
Ammonia: dynamite . manufactured: in’ strengths ranging from 35 ‘to 60 
percent and with many variations of grades. ‘This type probably is employed 
more widely than any other kind of dynamite; it is used in quarrying, gone 
underground mining, and agricultural work such as stump blasting. © 
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Ammonia dynamite has a ‘Lower velocity than etraight dynani te, and 
fragmentation is not as great as when a straight: dynamite is used; wator 
resistance is lower: than with either a straight dynamite or gelatin dynamite, 
although some grades maybe used ‘in wet work, ‘he fumes from detonation of 
amnonta dynamite are less harmful than those from straight dynamites, and this 
permits their use in some kinds of ener work where the ventilation is 
good. ar 
Many’ grades of inoue, icant are manufactured, and each has its own 
characteristics, . They’.are’ con mes for specific types of work and have a wide 
range in da ci cc Ao ras other properties. — 


ery ble Dy adits 


Permissible explosives are: essentially dynamites modified by the introduc- 
tion. of material whose function, in general, is.to decrease the flame tenpera- 
ture ‘and, to a small extent, the length and duration of the flame when the 
explosive is detonated, The designation “permissible” is given to an explosive 
of a modified dynamite type after such explosive has passed certain tests by 
the Federal Bureau of Mines, The permissible character of such explosive 
depends not only upon the ingredients in the explosive but also on certain 
well-defined specifications as to handling and use, There are several 
different types, grades, and strengths of permissible explosives, such as 
ammonium nitrate permissibles, organic nitrate permissibles,. and gelatin 
permissibles, but essentially all of those now used to any extent can be 
' placed in either the eae ni trate or the gelatin ‘class. 


; Anmonium pieeaes permissible eapiceiver contain relatively little nitro- 
glycerin and relatively large proportions of ammonium nitrate, the latter 
being itself an explosive substance but one less sensitive to impact, sparks, 
and flames than nitroglycerin, This type of pernissible explosive is used. 
extensively, as it hae a wide Yange af..strength, rate of detonation, density, 
size of cartridge, etc,, and cen be utilized not only in dry holes but also, 
in some cases, in fairly wet holes if charged carefully and fired promptly 
after having been placed in the hole, Gelatin permissible explosives are 
more suitable than ammonium nitrate permissibles - ‘for wet holes, and in general 
they are stronger and more violent than are the ammonium Perneee typos. | 


All: permissible explosives are  eone: must be used in relatively. ana 
quantities (lese than 3 pounds) per hole to: retain their permiesibility, etve 
off considerable quantities of toxic gases:on: detonation, and (whtle much - 

. safer than black blasting powder or dynamite) rukt be stored, -handled, and 

used with care or they = oe extremely hazardous, 


eutas 


{ 


& comparatively new ee riarketed in- ‘geeted metal cans is uscd to: 
a considerable extent:in quarry blasting. The: ‘natortal in the cans is ; 
principally ammonium nitrate, This explosive is very ‘insensitive and requires 
a special type of primer to dotonate the charge, It ¢cahnot‘be detonated by _ 
biasting caps, detonating fuse, flame, or impect of a rifle bullet. So far, 


the use of this explosive in this country.is limited generally to special 
conditions, 
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Org ic Nitrate: Osives 


Organic nitrate explosives. 4nciudae. the explosives containing organic 
nitrates othor than nitroglycerin as thelr characteristic ingredient. Nitro- 
starch is the most common type in commercial use. It is not.as water-rosi stant 
as ni troglycorin eaeroee end should not be used in wet. work, 


Liquid Carbon Dioxide 
Liquid carbon dioxide.4s-used as an explosive to some extent in coal~ © 
mining, The liquid carbon dioxide is introduced into a.cylinder or shell, 
the charge is fired with an igniter or heater which causes the liquid carton. 
dioxide to gasify, ‘and the reguitent pressure ruptures & metal disk which 
permits the pressure of the suddenly escaping gases to bréak down the coal, 


a: 


Liquid- e 


.. Liquideoxygen .explosive,-commonly referred to as 1L,0,X, or Airmite, © 
consists of a combustible, absorbent materiel saturated with liquid OxyEen. - 
The absorbent ig made into a cartridge of the desired size and placed ina . 
eoaking vat containing liquid oxygen, The cartridges are placed in the blast 
hole and fired with a blasting cap or detonating fuse, The explosive effect 
le produced by the very rapid reaction between the oxygen and the combustible 
absorbent, initiated vy the detonator; the reaction produces & & large volurie 
of eas at: high seiporauure end pressure, - seu8 


L,0, Xx. epioaive: is used principally in piaseing overburdin in -gtrip= 
coal minog; it is not used underground in the United States but ae per 
employed to a limited extent .mderground in ‘Suropean mines, ms 7 


~ “Tho extent to which explosives are used in netal mining 42s shown in rv 
table 5 for the period 1938-44, _Explostvce used. in quarrying and nonnetalilc. 
mines in the gane apc are shown in “tahlo 6 


TABLE 5, ~ ogives u met “mi 938—44 in ound 


: High explosives ag te - ) | oe 
24068) Other than pern ssibles POT issid 38 | Black blasting powde q fo tal 


69,850 


1938 | 75,407,222: | 19,613 . | 186,150 - 75,612,984 
1939 | ~ 88,061,417 =: . 1%, 450 - 201,250. 88,280,119 
1940 105,995,188 i 27,050 | 240 , 200 106,262,438 
1941 116,343,629 42) 19,125 | : «68,525 1116 421,279 
1942 119,935,541 33,275 | 120,475 1120,089, 291 
1943 122,653,309 ss: ; 26,345: «| - '. 62,950 -* /122,742,604 
1944 102,163,851 1 ody 102,238,126 
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TABLE 6, - Explosives used in quarrying and nonmetallic mining, 
eens 1938-44, 3 5 


| High explosives: eceasaeplirie: 
Year! other than permissibles| Permissibles; Black 


1938; = 4,701,722 ~~ | 267,765 |. 1,736,900 
1939; - 53,732, 399 | > 387,250 | © — 2,402,300 
1940; "59,634, 470 | 452,800 | 2,803,300. 
1941 | 78,403, 268 550,925 {+ ° °3,100;150 ~° 
1942 | 85,280,766 477,199 | . 2,175,475 

1943 | 79,646,758 7 420,799 - 1+- > «=28,048,325 
1944 | 70,531,414 512,900 1 


| “Tho extent to which explosives are. used in. industries other than nin 
is seldom realized, Table 7 shows the consumption of explosives in railway 
and othor construction work in 1938-44, and table 8. shows the explosives used 


for all other purposes, 
TABLE ss - Explosives 


High . expildsives ine 
Yes othe wan permissibles Porn 7 bles 
1938 85,692,096... 4... 51,200 1 5 BeBe ; 
1939 |. ., 99,706,525 1005675 | .- bos op gb AST MOO. 
1940 | _/102,059,140° . | 75,320.. |... 2,547,875 
‘1941 |... 108,526,853 _ | 32,587... |... », 2,598, 450 
1942 | 104,463,977 | "136, 38 wa _. 24392,200.. 
1943 73,921,622 | 

_ 59,095,495 


TABLE 8, ~ Explosives usod for all other purposes, 1938-44,.in pounds ~ 
High explosives <a vee at ; 

Yea .|O tne than Dern ssib es rermiss bles Bla - blasting powde _To al 
1938 13,191,476 103,393 | 367,000. . | 13,661,869 
1939 13,087, 390 44, 354 707,375 || 113,839,119 
1940 ~ +10,804,580. 60, 295 | .* 867,675. ° 11,732,550 
1941 | 10,068,313 38,439 |, 202,950... = - | 10,309,702 
19427] ~~~ $85010,390 1/4,375 97,550". 8,103,565 
1943 . .. 8,291,877 ore 33,022 © . - 324,350 «. |..8,439,249 
1944. |." «9,329,185 | ' 18,950. ° «| "203,150". | 9,571,285 


1/, - Sold by manufacturer but later returned to him, 
eke BLACK BLASTING POWDER 


_ Black blasting powder is one of the. oldest explosives used in commercial 
work and at one time was practically the.only explosive readily obtainable. ~ 
Most safety men are opposed to the use of black blasting powder, owing to 
the hazards involved in its use, It burns with extreme rapidity instead of 
detonating like high explosives; moreover, it is highly sensitive to flame, 
sparks, or friction and gives off much flame which is hot and of great length 
end duration, These properties make it extremely hazardous for use in mines 
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and quarries, especially in coal mines. ‘the gases given off in deflagration 
not only are very hot but frequently contain harmful constituents. Black 
blasting powder has action characteristics that make it. valuable in both 

coal mining and quarrying, though it hae little utility in metal mining, ‘It 
is difficult to use it effectively in wet holes, witch is the. ie ae cde | 
advantage from an efficiency standpoint. : 


Black blasting powder ig manufactured in granular, pellet, or stick form. Po 
The pellet or stick powder is black blasting powder in consolidated ‘form and, Sete oc 
prevalent idea that it 4s a "safel explosive, Pellet powder was introduced. . ive 
in 1925, io oe 7 


TABLE 9. = Production of granular. and pellet black | 
lasti owder 942-44. in pound 


Years | Granular | Pellet Total ae 
1942 ........0. | 24,166,625 | 31,367,125 | 55,533,750. Tee 
1943 ........6, | 19,814,125 | 26;607,900 | 46,422,025. . 2 
1944 | 16,282 475 | 26,677,300 | 42,959.77 sds 2 


The use of black blasting powder in coal mines has gradually dsescaean, 
over a period of many years, Bureau of Nines statistics show that 83 percent . 
of all explosives used in mining coal in 1912 was black blasting powder, but 
in 1943 black blasting powder was only 23 percent of the total. The Bureau 
of Mines recommends the use of permissible explosives in coal mines in place 
of dynamite or black blasting powder, owing to the greater safety in handling 
and the decreased likelihood of causing a gas or ‘dust explosion. The uso of . 
black blasting powder in mining coal in eacaias 4s shown in table 10. 


TABLE 10. — Bl bl ouear® in mines, in a 
Year Bituminous cos fo tal 

LISS Saha s ouwede wees 41,533,100 “4 834,825 | 46,367,925 
LISD cece 2s eee ew eee 46 ,278 ,125.. 4,890,375 | 51,168,500 
VOAO. etcetera edness 48 ,425 ,425 | 4,868,925 | 53,294,350 
OA wie tes hei ob wees 49 ,028, 225 4.474.275 53,502,500 
RIGO. chico ae ec Rees. 46 , 352,075 4,395,975 | 50,748,050 
oS Co, eee ere ce REPRE aE 40 , 206,025 3,389,050 | 43,595 ,075 
A og ig eg 36 772,875 3,187,900 39 960,775 


Coal mines use large quantities of explosives other than permissibles and 
black blasting powder, particularly in these mines that must do considerable . 
rock work, Table 11 shows the total amount of explosives of all kinds used in 

cOal mines, excluding the blasting devices, . such as liquid carbon dioxide. 
The increase in the use of permissible: explosives in recent years is apperent. 
The large increase in the use of high explosives other than permissibles is 
attributed chiefly to the increase in the coal-stripping operations, 
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TABLE ll, ~ Oosiv used in coal mines 1938-44, in pound 


High Spear sives o ther 
issibles’ | 


Bituminous coal: 


LUOn C0 eshacaawn 10,877,970 28,492,998 | 41,533,100 | 80,904,068 
ct: ae 10 , 950 ;747 35,580,162 | 46,278,125 | 92,809,034 
AVES. cwesensune 12,554, 235 | 43,920,765 | 48,425,425 104,900,425 
Os ae are 20,770, 300 55,570,072 | 49,028,225 25,368,597 
hn re 22,629,688 | 67,514,542 | 46,352,075 [136,496,205 
LOGS  seeeeenwed 31,688,090 | 77,854,473 | 40/206,025 {149,748,588 
se a eer 50,299,995 | 87,180,247 | 36,772,875 74,253,117 
Anthracite: , 

CUS8 5 ve uacdaax 12,705,758 | | 18,924,412 4,834,825 | 30,464,995 
ph t eee 12,711,850 13,820,524 | 4,890,375 | 31,422,749 
19M okcckinsibs 14,132,087 13,899,890 | 4,868,925 | 32,900,902 
LOG) cxcsewvaswss 17,745,090 | 14,401,061 : 4,474,275 | 36,620,426 
1988 ase iekies 19,378,185 | 15,885,325. 4,395,975 | 39,659,485 
W9ES ssinsncecns 22,371, 785 | 14,280,825 | - 3,389,060 | 40,041,660 
1944 | _ 27,193,361 | 14,644,625 | - 8,187,900. _| 45,025,386 


SMOKELESS. POWDER 


Smokeless powders have an entirely labee Sunk competition: from that. ‘Of | 
black blasting powder and are used chiefly for ammunition for' operating: pa 
and more widely for military purposes, They are sensitive to flame and’ - 
“impact but ordinarily dre packaged ‘so’ that, 4f reasonable: judgment is ized,” 
they are relatively harmless,’ The burhitie "speed: of: ‘smokeless powder depends 
on the size of the powder grain; the larger the grain, the slower it. burns. 


DETONATGRS. aND IGNITERS 2. 7 


The safe and efficient-.use of any. explosive. requires. the use of a safe 
end efficient means of detonation, otherwise the person or persons doing the 
blasting may be killed or injured; also, an explosive,. unless efficiently 
detonated, does not develop the full disruptive .effect... Several devices or 
methods are used and are intended to develop safely: the full power of the explo- 
sive, They fell in saree general ear’: _ a aaa ee and detona- 
ting fuse. 


7~ 


“, 


Detonators are of two kinds - blasting caps me Biecteic blasting caps. 


. Blasting caps nust be fired'with a fuse and éannot-de used effectively when 


. @ number of charges must be fired simul taneously. Electric blasting caps are 
of two general types - instantaneoug and delay, The instantaneous type is 
used when it is desired to explode ‘all of thé explosive charges simultaneously, 
"end the delay electric blasting caps are used when it is desired to fire the 
charges of explosives in some sii ai ale 
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Blasting Caps 


Blasting caps are em&li;' metallic cylinders, usually of copper, about 
3/16 inch in diameter and 1-1/2 to 2 inches long, closed at one end and con- 
taining one or more chargés of explosives, one of which is easily ignited from 
‘the flame of a safety fusd; Tetryl or fulminate of mercury is used as the 
éxplosive in most blasting caps. They are extremely sensitive to heat, fric- 
tion, shock, or any kind ofa blow and should be andled very carefully. Dirt 
or foreign material may ‘Iddge in the open end of 4 cap; this makes it extremely 
dangerous when inserting ‘the safety fuse e ecially 4f the blasting cap is 
rotated on the fuse, The common strength of blasting caps used In industry 
is Yo. 6, but No, 8 strength is also used to a lesser extent. Blasting caps 
should not be carried loose and should not be stored or carried with explo- 
-sives, They can be handled with relative safety tf care is used; partial 
proof of this is that blasting caps are manufactured” and shipped by. the hun- 
dreds of thousands every day, and secidents are decidedly rare, ai 


a 


ee : Blectiric Bla ting Caps 


Blectric Dlastine ¢ caps are similar to ordinary blasting caps but are | 
fired with electricity; this is done by inserting ‘two wires within the cap 
joined with a bridge of high-resigtance material that heats when the electric 
current is anplied, thus igniting the explosive charge inside the cap. 


Standard electric blasting caps are ~water+regi stant and may be. used 
satisfactorily under wet conditions that are not very severe, Care ‘should 
be taken not to bend the wires sharply or pull them apart where they enter 
the seal at the end of the cap, otherwise the seal may be broken and the cap 
made less water resistant, 


The leg wires of the electric blasting caps are either copper or iron: 
wires, depending on the use, ‘and almost any reasonable length of leg wire 
canbe obtained, The ends'of the leg wires should be twisted together to. 
protect against stray currénts, Many electric blasting caps are. provided . | 
with shunts which effectually short-circuit the cap until it is Teady - to ,be 
connected for firing. 


Instantaneous electric blasting caps provide an efficient means of firing 
essentially ay. number of ae of explosives at One time, Fe 


' Delay electric blasting ive are similar to the ineten taneous type, except 
that a delay élement is placed between the. firing ‘element and the detqnating 
‘charges, making it possible ta fire the. charges of -explosives in sequence. 
Yelay electric blasting’ caps are provided with time intervals up to.10; the 
time interval ranges from avout 1 second in the first delay to about 2-1/2 
seconds between the ninth and tenth delays, The time interva] for each delay 
cap is not exact but is nearly sé. 

Instantaneous and delay electric blasting caps should not ue saundeted in 
the same circuit, When it is necessary to use both types of blasting caps 
in one blast, the instantaneous, blasting, ceps should be placed in one. series, 
and the delay caps in another series; all circuits should be connected in 
parallel, 
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Detonating Muse eae 

Primacord is the principal detonating fuse in use in the United States end 
has practically replaced Cordeau, It consists of a flexible fuse with a high- 
explosive core of pentaerythritetetranitrate (PEIN), which is contained within 
a waterproof sheath overlaid with reinforcing coverfngs.. The detonating 
velocity is over 20,000 feet a second, which causes almost instantancous 
detonation of long colunns of explosives, Primacord is used in detonating 
well drill holes and coyote holes and in diamond~drill—hole dlasting, but 
is not generally used in short holes, 


Primacord is very insensitive and cannot be detonated by fire, friction, 
or shock of a rjfle bullet. Usually it is considered to be the safest dctonant 
in use for well-drill-hola blasting or ether work where long columns of explo- 
sives are used, Primacord is detonated with a blasting cap or electric blasting 
cap that is attached to the detonating fuge with a connector provided for the 
purpose, or by taping a detonating cap alongside and at the end of the detonatirg 
fuse. The end of the cap containing the charge of explosives should always 
be pointed in the direction in which the detonation is to process. 


+ pene 


Ignitérs include squids, electric squibs, delay électric squibs, and 
delay electric igniters, Igniters are usdd to fire black blasting powder 
and are not used to detonate high explosives. a 


Squibs 


The squib is a emall~diancter tube of straw or paper filled with e quick- 
burning powder and having a relatively slow burning "match head" attached to 
one end, The latter is ignited by a flame, and its relatively slow burning 
allows the person handling the ignition to retire before the fire reaches the 
quick-burning powder in the tubes, Squibs are not considered to be safe or 
efficient to use, | ; r s 


cbric bs 


Electric squids are dgnitea by an Jeledtiiic current in aia of a flame. 
They resemble electric blasting caps in general design, but the shell is made 
of paper, aluminum, or copper, It is designed to ignite the black blasting 
powder at the center of the charge, which is impossible with a regular squid. 
Electric squibs are considered by some authorities to be the safest and nost 
effective means of firing black blasting powder. : 
e 


Delay Electric Squibs 


Delay electric squibs are similar to regular electric equibs, except that 
delay elements are inserted between the firing element and the deflagrating 
charge. Delay elements provide 10 periods of delay, and their use makes it 
possible to fire the charges of >dlack blasting powder in sequence. 
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Delay electric igniters are made-up of a copper tube with an electrical 
firing clement and leg wires sealed into one end,*and a piece of fuse crimped 
into the other end. The length of the fuse determines the delay interval 
of the ignitor. The free ond'of the fuse 18 dipped ina waterproofing compound, 
and about 1 iach ig cut from the end before using the igniter. These igniters 
are not recormended by the Bureau of Mines for use underground in coal mines, 


“SAFETY FUSE 


Safety fuse, often roferred-to as’ just "fuse," consists of @ train of 
black blasting powder tightly wrapped and enclosed in various wrappings of 
textiles and waterproofing materiale that-protect the ‘powder train fron _ 
abragion and resist the penetration of water, “The wrappinge are designed to 
prevent intercommunication of fire between adjacent lengths and to minimize 
the danger of setting fire to. the charge of explosives by sparks comi 
through the side of the fuse before the fire reaches the end, .* ¢ 


Sefety fuse is manufactured by several companies and is obtainable in two 
standard rates of burning,.’ The manufacturers of safety fuse make no guarantee 
or ropresentations as to the burning ‘speed of their product, owing to the many 
circumstances and conditions to which the fuse is subjected after leaving the 
factory, including differences in altitude, weather conditions, character of 
tenping, and mighandling,. all of which may affect the burning speed of the 
fuse, However, every care and precaution ig used in the manufacture of safety 
fuse to have it burn at a-stenderd speed of either 30 seconds or 40 seconds 
per foot, with an ellowable variation of 10 percent either way from standard 
when burned in the open at sea level, . | Mae | 2 

One of the most prolific causes of accidents resulting from safety fuse 
is using fuse that is so short that the blaster does not havd time enough to 
reach a safe place before the explosives are detonated, The burning rate of © 
fuse should be tested frequently, and each blaster should be required to know 
the speed at which the fuse burns,. Fuse less than 30 inches long ahould not 
be used; this length will allow 1 minute and “0 seconds before the explosives. 
detonate if the burning rate is 40 seconds per foot, and l minute 15 seconds 
if it burns at the rate of 30 seconds per foot, It should be remembered that 
pg ee rate of fuse may vary 10 percent, and allowance. should be made 

or this, | ee es cs ae. a ee ee 


The use of poorer grades of fuse, because of the lower cost, is decidedly 
poor economy, If the fuse is to be used in wet work, it should be selected 
for its watorproof qualities with a view to avoiding misfires. 


BLASTING MACHINES 
Blasting nachines are used to fire electric blasting caps and electric 
squibs when electric power is not available, ‘he blasting machines are often . 
used becauso they provide a quick, ‘simple method of blaating electrically. 
ro _. = 
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Some blasting machines are megnetos, but the majority are modified gonere- 
tors; they are ruggedly built and will withstand hard service if given reason- 
able care. Blasting machines ard: rated. adcording to the number of electric 
blesting caps with 30-foot lead wires that can be fired when the caps are 
connected in straight series. a he 


| The nagneto type is used toe fire one hot and is employed principally - 
in coal nining. The larger types are modified generators and will fire up 
to 100 electric blasting caps at one time when connected in series, 


All blasting machines should be operated quickly to develop the maxinun 
capacity of the machine; that is, the handle of the twist type should be given 
@ quick turn, or, if the machine is the rackbar type, the handle should be 
thrust down quickly. Blasting machines should be tosted frequently to insure 
that the capacity has not béen impaired, This is ‘done by connecting a blasting 
rheostat in series with one cap of the type in use, =§=- | — aa 


STORAGE OF EXPLOSIVES - 
Explosives are inherently hazardous and definitely perishable so that 
certain precautions must be taken to achieve reasonable safety. ‘The two 
‘important factors to be considered in the storage of explosives are (1) protec- 
‘tion of the explosives within the magazine and (2) protection of life and 
adjoining property, a ee 3 

Magazines .should be protected against heat, extreme changes in temperature, 
moisture, fire, lightning, bullets and projectiles, and theft... The magazinas 
should be weatherproof, fire-resistant, bullet-resistent, well~ventilated, and 
securely locked, .° « | ms 2 i rr. 

Magezines should be orected far enough from other buildings, or vital 
structures of any sort, so that the least possible damage may be done to 
persons or buildings in the surrounding aree should there be an explosion, 
Advantage should be taken of the available means of protecting a nagazine, 
such as hills, spoil banks, rock lédgés, dense woods, ‘or any other natural 
means of protection, Sandy s0il.is-preferable as a site to rocky ground,» 
Shallow tunnels-or dug-oute in the side of a hill make excellent storage 
magazines if the magazine can be well-drbined ahd well~ventilated, — 7 
: The distance of the site of an explosives magazine ‘fron an inhabited 
building, public. railways, and public roads ie shown in the american Table of 
Distances, 1919 revision, which can be obtained from the Institute of iiakors of 
Explosives or from the Federal Bureau of Mines, 

Construction of Magazinog .- 

Much has been written relative to the construction of explosives magazines. 
The Institute of Mekers of Explosives has issued a publication, Standard Storage 
Magazines, and the Bureau of Mines Information Circular 7307, Surface Storage 
of Explosives; both have detailed descriptions of recommended construction of 
magazines,. Only gencral details of construction of magogzihés are discussed in 
this publication, Mgures 1, 2, 3, and 4 illustrate .ome ‘recommended types of 
construction, Three general types are preferred, (1) brick, (2) sand-filled, 
end (3) porteble steel magazines, lined with brick or other material, 
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Ventilator 
\ 


AN 13° Tie beams 4’ 
Rafters 2’ center to center 7 Gctton center to center = 2”x 6” 
Roof to be + pitch es 
yo eunes aw. * 
No. 26 galvanized // 
corrugated iron i A 
ee 
: 2*x4"" _ 4” sand 4 sand . 
No. 26 galvanized 1 | ae Se a pa Pe ~ 
flat iron Building paper 
as 2 a8 
| 7” tongue-and-groove ceiling 
| 1”x6” i 1*x6" 2” air space 
Be aC 
4 +> 2” tongue-and-groove or shiplap | 
ae as 
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| 1 oh No. 26 galvanized flat iron on 
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% ii Ki 
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: eeee ee 
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are ea SOB Re a Gi: Ventilator in foundation 
HALF PLAN Yt 
Bs a aaa Sa seh oe Ga ese ey SS 
a eee oe ee a, hes, foe De 
; HALF SIDE ELEVATION _ 
Figure 3. - Standard sand-filled or weak concrete-filled magazine (recommended by 


The Institute of Makers of Explosives). 


Specifications: Outs ide and inside 


sheathing to be tongue-and-groove boards to prevent loss of sand; space be- 
tween outside and inside sheathing to be filled with weak concrete mortar, 
approximately | part Portland cement and 7 to 10 parts sand or 6 to 12 inches 
of weak mortar over the sills and coarse, dry sand in the remaining space; 


bullet-proof sand roof as shown; 


floor and ceiling to stop 2 inches fron 


walls to provide ventilation; and nails in walls and floors to be concealed. 
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Figure 4. - Standard brick magazine (recommended by The Institute of Makers of Explo- 
sives). Specifications: Brick to be medium-soft and laid in cement mortar con- 
taining not over 25-percent line; no metal to cone in contact with explosives 
packages; floors to be blind-nailed and lining nails to be countersunk; floors 
and ceiling to stop at 2- by 2=-inch lining supports, leaving 2-inch ventilation 
spaces around the walls; lattice lining, as shown, with I2-inch base boards and 
6-inch wall boards spaced 6 inches apart; gable or hip roof; bullet-proof sand 
roof as shown: box forned by laying floor of tongue-and-groove boards on ceiling 
joists and building l- by 4-inch rim line with one layer of building paper and 
filling with not less than 4% inches of coarse, dry sand. If bullet-proof roof 
is not necessary, a ceiling should be built of 7/8-inch tongue-and-groove boards 
or wall boards to stabilize temperature within the magazine. 
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nd tray 


e 
a we 


3” wood lining 
or 2” hardwood 


Sand or 1 cement to 
7 to 10 parts coarse 
sand 


Steel Steel 
Vai 


-a-— Foundation vent 


Sand or weak 3” wood lining Brick lining 
concrete lining 


False roof, air space for 
maintaining lower temperature 


Figure 5. - Linings for steel magazines. Specifications: Metal should not come in 


contact with stored explosives; floors to be blind-nailed and lining nails to 
be countersunk: and false roof or 7/8-inch ceiling to be used when necessary 
to maintain temperature in magazine. 
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1 
5” round+ ; 
3”x a” iron plate head bolts —? ic ie 
Wes are 


Hinges 
extended 
as hasps 


WOOD LINING 
ELEVATION OF DOOR SECTION DETAIL OF STEEL PLATE 
OF DOOR 
4” door jamb | 1” lining 


SECTIONAL VIEW OF DOOR 
Sand filled magazine 


2” x8” x10” 
2” door jamb 


2-227] (FF 2d wT OTA 
i~ 
. oR eer ~ASAST Sans EN 


Ls 


ae 


2” air space 
Round-head bolts 


SECTIONAL VIEW OF DOOR 
Brick magazine 


4” U or 2” eye bolt 


Figure 8. - Sketch of an easjly constructed magazine door (can be used for a door of any 
dimensions). Construction: Three thicknesses of 7/8-inch tongue-and-groove boards 
are laid diagonally back of a 3/8-inch steel plate: doors should be 3/8-=inch steel 
plate and lined with at least a 2-inch thickness of wood, a thinner plate may be 
used when an additional inch of wood is used for each |/8-inch decrease in thickness 
of steel plate; hinges and staples to be attached by welds, rivets, or bolts fitted 
with lock washers and nuts on the inside; door to be equipped with two padlocks 
fastened in separate staples; and top and bottom hinge straps to be extended to 
cover iron plate for hasp and either U or | bolt for Staples or two hasps and 
staples substituted. 
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‘Brick hipenttas enburee be’ ee of  maddtumasott brick’ laid” in Spent inovtar 
containing not over ted date aie . the. wand’ shouts 7 not Pe lees areca Bou 
inches thick, , 


es ea 
‘ . 
. t . . ‘a rar Paar 
a rd » 


senateiviga nliiols choiita’ have wales not eee ae. 4nanse’ thick, 
The walls should be tight and the ‘space between the: interior and: exterior: 
sheathing filled: with: dry “sand-+ crushed stone or gravel . ould not de; veges 
A mixture of 1 part cement and 8 parts sand, with. enough: water. to moisten: the: 
mixture while tamping in place, is recommended, the exterior of the building 
should be coyered with sheet iron: of not iess" >. noe a BAER; or": asaaie aes 
resistant neterial, ee . 


, ge oe _ oa i. 
. Portable. ‘eheelk shacks with side's a welle oe nee: cee then ‘Wegage 
metal are used;: This type of magazine should-be lined with 4 inches of medium 
soft brick, 6 inches:of ‘eand filling, a mixture. of 1 part of cement and.-8.. ° 
parts of “sand, with enough water to dampen the mixture while tamping :into.. 
place, or 3 oe, of woot: See pee 5 ritage eile a method of ages a ‘stesl 
ai Bo ee “at Cunt 2 ee a ae 

The aote: of Gao ides £0 eiccueed: that: it ie eae 4 ee fire bullets te 
directly through.the.roof into, the magazine should be made pullet-regi stant : by- 
material of construction, by a ceiling that forms a tray containing not less 
than a 4=inch thickness of sand or other equally effective bullet-fesistant 
filler erected in-the, interior of the magazine, or by other effective bullet—- 
resistant methods. Figures.6 ‘and.’7. show methods of oe sand adele ia 
cellings in magazines, : . 


‘The doors of. magazines should be constructed of 3/8~inch .stéel plate 
lined with a Qeinch thickness of wood (a thinner steel plate may be .used:wi th - 
&. eréater thickness. Of. wood at the rate of 1 additional inch:of wood for. sach.: 
1/8-inch decrease in the thickness of the steel); or wooden walls:at least 4° 
incheg » ‘epart filled with screenéd sand or other effective bullet-reeistant” © 
filler, the exterior being covered with sheet tron not lighter than No, 26 . 
gage or other fire-resistant material, Figure ,8 .shows methods of constructing 
doors for eee 


” Vagezines ‘ghoula be well-ventilated, doth ‘in ‘the roof end in ‘hits | euadatioaa: 
to ‘protect the .éxplosives from heat and extreme changes of : temperature’ that. 
‘may cause the explosives to deteriorate, The openings for ventilation in the 
foundation should be enclosed.in such a manner as to prevent the entrance of 
pereons, animals, rubbish, sparks, and firebrands or the direct penetration of 
bullets that can detonato the explesives, The space between the floor of the 
mMagazine.and the ground should be, tightly closed, ‘except for the ventilatian .- 
openings, :. ‘Ventg -in the foundation should de so spaced as not to exceed 6- feet, 
center to center, and should not be more than 6 inches wide and 12 inches ‘Yong, 
The size and number of ventilators will vary.with the. climate, size of the Soe 
magazine, and. -type of explosives. in. ptorega, Figure 9 shows methods of... 
providing ventilation in magazines, 


i Micacincs decd” exdlust rely for. thie: ‘storage et Haak, Meeting p powder nood 
not ; bo bab heePeeiaeenty i ee : 


$ . 1 5 . : , = » . fee 
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Roxttype magazines are used as an operations storage box for storing 1 
day's supply of explesives a safe distance from an operating unit. ‘The box- 
type ‘Magazine should be conatructed of 2-{nck hardwood or 3-inch. softwood, 
or other theft-resistant material, Any metal magazine shold be lined with a 
nonsparking material, Doors or lids should be provided with strong:hinges, 
hasps, and staples attached by welds, rivets, or bolts fitted with lock washers 
and nfits on the interior of the magazirie aad installed in such manner.that the 
fastenings cannot be removed when the magazine is locked. Figure 10 illustrates 
a récommondot construction of -a box-type magazine, Boxetype magazines ehould 
be anchored socurely to prevont’ the: umauthorized removal of the magazines 


Doors of all magazines, re the lide of seceat tae hcees “ghould be 
equipped with the equivalent of 5-tumbler jarproof locks; when it is practical 
to do so,.it is recommended that a shroud be placed over the lock and hasp as 
a preventive measure against the use of sole too to forcibly remove or break 
the ‘lock, The use of two locks on’all permanent storage magazines 1s recommend- 
ed; these locks can be of the: mortise type, or one lock of a nortise type can | 
be uged that requires two keys to open or a eo peeat ich 

agadines should not be used to store material other than explosives}, 
blasting caps,,.clectric blasting caps, or any type of igniter should be storod 
in & soparate magazine and not with high explosivos ‘or black blasting powder, 
Fuse and detonating fuse’ can be stored. safely in an i ah magazines 


Open flamo of any. kind ‘ghowta not Ye vermi tted in or dvound a magazine, 
and if artificial light is needed; only an electric flashlight or electric | 
lantern’ should be used. Oil-burning and chemical lamps or oe candles, 
and matchcs should be prohibited, i ¢ 


The ‘preniscs on which: a pormanent wmagazine-ig situated should: bo markcd 
conspicuously by ‘slang > ‘containing © the words "EXPLOSIVES-KEEP OFFY." These signs 
should be placed s0 as not to direct goneral public attchtion to tho loéation 
of the magazine, - but £0. adequately wern any person approaching the magazine - 
of the vresence of explosives, THe signs should not be ‘plated on the sides-df 
magazines and be ‘rricades or so lotated that a bullet passing directly’ thtough 
the face of the sign will strike the mag&zine, a 
,: . Barriendes around magazines greatly reduce the extent. e the re to 

persons and property in the surrounding area as the force of an explosion is 
oe ccwer upward a the barricade. All permanent magazines should be vortieaded, 


‘TRANSPORTATION OF EXPLOSIVES — 


The mecueacrareee and railroads have set an excellent, example tn safety 
,in the transportation of. explosives, | ,since. there ‘heave. besn ‘practically no.” 
«accidents from this cause for many years. although several billion pouhds os a 
explosives wero transported on railroads, The pr roblem of transporting explo= 
sives safely from a railroad car tp the magazine of, tho user or vender of 
explosives is scrious and dosérves more attention than is. generally given. 


‘The Interstate Commerce: Commission has issued numerous explicit regula- 
tions on the transportation of explosives on railways and by trucks, and the 
users of oxplosives would profit by familiarizing themselves with these roegule- 
tions and by boing governed by them, Railroad companies formulate and issue 
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Hinges, hasp and staple to be 
attached by bolts, lock washers 
and nuts on the inside 
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SIDE ELEVATION 


Figure 10. - Box-type magazine for storing small quantities of explosives or 
those for immediate distribution. Construction: To be built of 2-inch 
hardwood or 3-inch softwood, well-braced at the corners; lumber to be 
smooth on the inside of box; no metal to be exposed; and lid or door to 
be securely locked with at least one lock equivalent to a 5-tumbler 
jarproof lock. 
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their own regulations for ‘the transportation of explosives as well as other 
dangerous articles, and’ the restrictions of some of the carriers are drastic. 
The Bureau of Explosives'of the American Railway Association has issued much 
interesting information relating to the transportation of dangerous substances, 
including explosives of various kinds, ‘The Bureau of Mines and other organiza~ 
tions have also igsued information on the transportation of éxplosives, but 
much careless explosives-transportation practice is found, not only in mining 
work but to an even greater extent in other activities in which explosives are 
used, State laws relative to the transportation of explosives. usually: are 
inadequate insofar as safety is- concerned; in fact, State laws.on this subject 
are almost nonexistent or are phrased so broadly as to be meaningless, 


The transportation of explosives between the railway car and the storage 
magazine, or from the storage magazine to the user, is very often poorly ~ 
supervised, if at all, and the safety of the operation depends . alnost entirely 
on the dependability of the men involved.” <“ foe 


The vehicles used to transport emlosives should conform to the following 
rea aias standards’ : ) : 


(a) Any vehicle caneceetiue eciuelvad should be marked of placarded 
on the front, each side, and the rear with the word EXPLOSIVES in letters not 
less than 4 inches high in colors contrasting with the background, or the 
vehicle should carry in a conspicuous place a red flag not less than 24. inches 
square with the word EXPLOSIVES ‘in white letters at least 3 inches aa Or. 
the word DANGER ‘in setters: . taches: ae A 


a ] 
fi . 


(>) the floors of all. tehicles used” ‘tex cidactielink mutiacided ‘abould be 
tight. Any exposed sparking metal on the inside of the body that might come 
into contact with any packages of explosives should te. epieses° or protected 
with wooed or other peuterrae binders ee ae 


(c) Explosives should not be transported. in any form of pole~type 
trailer; no such trailer should’ bé ‘attached: to a vehicle hauling explosives: 


Employees engaged in transporting bra a nous be vequived to conform 
to the sai minimum standards! a | . oe Se SG 


(a) Vehicles transporting ' sesiboiven: Seas. not be’ overloaded, and in 
no case should the explosives containers be piled pneeer, than the closed epee 
of the body. se : 

(bd) Vehicles transporting seinaives should be inspected ‘to determine 
that the vehicle is in condition for safe transportation of explosives, This 
inspection would include the brakes, ‘steering mechani em, électric wiring, fuel 
tank and fuel lines (to de sure that thé latter are not leaking), and the body. 
or chasis (to check against accumulations of:oil or grease), 


(c) Vehicles transporting explosives should be driven only by authorized, 
competent persons, Persons under the influence of intoxicants or narcotics 
should not be permitted to operate vercrce transporting explosives, 
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(4) Packages-or. containers of explosives should not be throw, dropped, 
or otherwise roughly handled while.being loaded-or unloaded, All explosives 
should be transported in the original antpping eenteiuere or in some other 
suitable container, Aa fs 


(e) Blasting caps, electric blasting Caps, . and any form of igniters that 
are not in the original shipping se aad should not be hauled in the aed 
of a truck with explosives. es 


(f¢) No metal, metal toole, oils, matchday. ‘firearms, acid. or. inflammable 
substances should be. carried on a. yehicle. transporting explosives, : 


(zg). mautiiorsses pees should-.not ride on a vehicle trangporting 
explosives, : : tt. oa o 


(h) Smoking o or edeenne matches should not. be- “permitted. on or around a 
vehicle transporting explosives, 
ae 5 ‘ ° ae Pega ; siege M : ; | 
Many commercial companies have additional rules governing thejr employees 
while engaged in the transportation of explosives; the above rules are considercd 
to be the minimum ean tenenene Eanes 4 steel ‘ 


‘USE OF EXPLOSIVES... 


It is not feasible-in a publication. of thie character to discuss safe 
practices for all types of blasting; the phy gical, conditions and the blasting 
practice of underground metal mines differ widely from the blasting in coal 
mines, and both diffey from. the recognized safe practices in quarry. and open- 
pit work, However, certain needed precautiong are:‘common in all types of 
blasting, and some of these are listed below... »Bhey are intended to be of 
goneral application; a fow important precautions are suggested under the 
appropriate headings for special types of —— 


me 


5 Isgives tained 


(1). Kegs or wooden cases of explosives should not be opened with metallic 
tools; a wooden wedge and a wooden, rubber, or fiber mallet should be used 
for this purpose. Metallic slitters may be used for opening fiberboard cases 
provided the metallic slitter does aa in contact with the mete ese 
fastonerg of the 'case, cat 

(2) Boxes of explosives or eid of black blasting sane anoure nee be 
opened inside a magazine, | ang: Lt Meee ene 

(3) Boxés containing pollet powder should be. opera in the same manner 
as recommended in (1) for opening dynamite cases. ..Thig also applies to frec- 
running or "bag" powder when packed ingide wooden cases, 


. es 7 a : x 


= Blasting should be done with the sacllest possible number of persons 
presen 
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(5) Explosives that are so hard that a punch cannot be inserted for 
priming or that are believed to be substandard in any other respect should not 
be used, 


(6) Lowefreezing or nonfreezing explosives should always be used, If 
explosives are believed to be frozan, no attempt should be made to use them 
or thaw me but rather. the manufacturer ‘should; be notified, . 


(7) <All holes ‘for ‘blasting should ban checked before ittempting +5) ore 
explosives, ae may be done by inserting an ordinary tamping stick into the 
hole, ca 

(8) High explosives in small boreholes ehoula. be tamped with only enough 
force to collapse the cartridge, Excess ramming should be avoided, Primer 
cartridge should never be tamed. | 


ee 


(9) Tamping eticks should be made-of wood,. with no exposed metal parts. 
Jointed wooden tamping sticks with exposed: couplings of. nonsparking material 
may be used in long holes, 


(10) Blasting caps ie electric paeaae. ‘Caps should be kept separate | 
end apart from other explosives wmtil ready to be‘ used, 


(11) The diameters of dynamite cartridges should be small saauen so that 
the; cartridges can be pushed or lowered readily into ‘a; drill hole, loose- 
fitting cartridge maybe compacted by eine the temping stick for. ‘this purpose, 


MAKING PRIMERS 


@-- 6 


A primer consists of a cartridge of a a hat some means of firing 
Lt attached to the cartridge, = = 


Primers should” be made carefully, in Saéepiance with the data published 


by the makers of explosives, and should satisfy the following general ga oa 
ments’ iene a 


t 


(1) The detoretor Cblastite cap or blectrie blasting. cap) or igniter 
should be placed in the safest and most effective position in the primer 
cartridge and should be attached to it in such @ manner that it cannot be 
readily pulled loose from the cartridge, 


(2) -The detonator should be placed in the seinery cartridge of explosives 
in such a.manner that the fuse er leg ened on electric blasting caps are not 
esrennee while the hole ig Being loaded, fails ei 


(3) | Tha primer’ assenbly? bg cartridge: and detonator. should be made so that 
it can be loaded safely,. easily, and in. the correct pogition in the Ghar ee. 


(4) The primer should be nade waterproof if used in wet work, This can 
be done PY seers the. aes in the primer cartridge with soft coe or WAX, 


sewed 
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Certain definite standards are recognized as increasing the efficiency of 
the primer in blasting operations, and also definitely decreasing the hazard 
attending the preparation of the primer and its placement in the charge. Some 
of these are listed Perens but they a be considered as only the minimum 
requirements: -. ' Sond 


(1) Dynamite eaetidves used pee should mt be slit, as the whole 
cartridge is necessary to hold the detonator in position and to protect it 
from abrasion or blows during mo anenes. 


(2) Fuse should be cut equarely across with a cloan, sharp blade or 
cutter and scated lightly against the cap charge. The cap should be crimped 
tightly using only a hand or bench-type crimper. Crimping caps with tho teeth, 
or with a knife, or any tool other than a crimper should be prohibited, — 


(3) The long axis of the detonator should lie as nearly as possible in 
line with or parallel to the long axis of the primer cartridge, and in small 
drill holes the detonator alate should point toward the bulk of the chBrES 
of explosives, 


: 
oe 4 bod . : 
a alae. fey 


(4) Primers made with fuse and blasting caps should be assembled so that 
the cap is in the center ¢f. the primer cartridge and the fuse has no sharp . 
bends, kinks, or knots, Two recommended methods for assembling this type of 
primer are shown in se ool il, 


(5) Primers made with electric blasting caps should be assembled go that 
the leg wires will not slip off or permit the. cap to be pulled out of the ‘ 
cartridge, and there are no sharp kinks, knots, or overlaps in the wires that 
may cause the wires to break or to cut into each other through the insulation, 
Two assembly mothods are shown in figure 12. 


(6) If dotonating faa is used to fire a tun: of explosives, the 
detonating fuse should extend the full length of the column of explosives, 
The detonating fuse may: be lowered to the bottom of the hole by evtaching it 
to the first cartridge loaded, 


SAFETY FUSE AND CAP BLASTING 


Safety fuse and blasting ‘caps are -probably the cofmmonest method in use 
for detonating explosives; thia is particularly true in those instances where 
only a small number of charges are to be fired or where explosives are seldom 
used, Electric blasting is supplanting fuse and cap blasting in many mines 
and quarries, and on construction projects involving large excavations, 


Some of the commonly recognised safe practices in fuse blasting, which. | 
are mninimun Preneenees are listed below: 


(1) Blasters or shot firers should know the jamming speed of the fuse 
that is being used, 


(2) The minimum length of a to de used should be as veauivea by: State 
law, or as established by the management, but should not be less than 30 inches. 
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Safety fuse 


Note that the fuse is 
tied securely to the 
P- primer cartridge in 
Tie string ——= geeege§ies = both methods 


uA 
a 
Oe, 
ver 
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a 
A 


—— Slip knot 


Blasting cap The hole in the primer 


cartridge should be 
punched at a very small 
angle with the axis of 
the cartridge otherwise 
the end of the blasting 
cap will not be in the 
center of the cartridge 


Primer cartridge 


Method 1 Method 2 
Center priming Side priming 


Figure ||. - Recommended methods for making primers with 
safety fuse and blasting caps. 
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1 2 MethodB ° 4 


Figure 12. - Recommended methods for making primers with 
electric blasting caps. 
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(3) Blasters or shot firere should always uge sufficient fies with an 
adequate warning signal or system that permits them to reach a- ‘pafo place 
before the first hole fires. 


(4) The permissible number of fuses nee Lighted by a blaster at one 
time should be determined by the management, Normally, not over 12 fuses 
should be zaenwet by each blaster, 


(5) An effective lighter should de used in Lighting fuse, Several types 
of good lighters are on the market, 


(6) ‘The use of cigarettes, burning paper, or improvised torches for 
lighting fuse aotaas be prohibited. 


(7) Tuse should not be allowed to come in contact wi th oils, paints, 
kerosene, gasoline, distillates, or similar ROMVORESS: 


(8) In wet work, the joint between the fuse ana cap should be ude 
~~ no substance containing: = should be used for this purpose, 


(9) When charges of explosives are to be fired in rotetion, a good 
practice is to dip the uncapped ends of the fuse in a contrasting color of 
paint or dye (black paint on white fuse for example). The blaster trims only 
_ the painted ends of the fuse =< thereby eliminates the once of Ricca a 
fuse twice, ._- 


(10) Safety fuse and cap blasting should not be used for firing two or 
more shots which must detonate simul taneoysly. : : 


(11) Before an attempt to light the owes train the end of the safety 
fuse should be freehly cut and clean, 


(12) Fuse should never be bent sharply, and care should be taken not to 
rupture the coverings of the powder train, This may result in sparks being 
Seneree from the cAnEeoe place and may cause & premature Serre 


ELECTRIC BLASTING 


The improvements made in delay electric blasting devices have increased 
their use underground because they reduce the number of misfires and permit 
all blasts to be fired from a safe distance from the face, TFlectric blasting 
used in sinking shafts is of particular importance and has been adopted generally. 


‘One of the hazards encountered in electric blasting is "stray" electric 
currents, which may be strong enough to fire the cap, The stray currents | 
are caused by poor bonding of the rails if electric haulage is used, or. = 
poorly installed electrical equipment, or by other causes, | , 


Some of the safe practices (these are suggested minimum satensards on] y) 
regarded as standard for electric blasting eee : 


o- 
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(1) Electric blasting caps should be protected from electric currents 
by shunts or by short—circuiting the cap by twisting together the ends of the 
leg wires until they are ready to be connected into the vlasting circuit, 


(2) The leading wires should be kept short-circuited until ready to be 
connected to the source of current, 


(3) Electric blasting caps should be tested individually with a blasting 
galvanomcter before being used, . The circuit ‘should be tested with a blasting 
galvanoneter before the shot ig fired, 


(4) Tho insulation on all firing ee and/or Leading lines should be 
adequate and in good condition, 


(5) Blasting circuits should not be grounded at any point, and bare 
spots in the wire should: not be permitted to touch the ground, 


(6). A power circuit used for firing should not de prided. 


(7) When firing from a power circuit, a master switch should be used, 
It should be locked in the "open" position at all times except when firing, 
Keys’ to the master switch should be entrusted bi to the person ae 
to fire the shot, 

~? 

(8) When firing from a power ers one or more safety switchos should 
be placod in’ thé permanent firing line in addi tton to: the master aviveh used 
for firing, 


(9) As a protection from lightning, ‘an aif gap at least 5 feet long 
should be in both wires of the firing line or daca the. eo lines, and 
the leading lines, | o 


Pati! i as ¢ “. g . - os . 
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(10) All switches should be short-cireulted in the "oft# position. 
but not grounded, a ; 


(11) When firing electrically, a ido conduetor eireult ghould be ‘used 
throughout, that is, the earth, nett, ,OF pipe should never be used as a return 
circuit, | 

(12) All blasts detonated with electric blasting ore should be tired 
from a source of current of ample capaci ty. 


‘Use of a Blasting ere or Battery 


| (13) When firing with a platting Machine, the machine, its detachable 
handle, or the key for its lock, should be kept in the possession of the person 
designated to fire it during the’ connecting = oF the blast and until it has 
been fired, . . 


ora 
» 


(14) When firing with a ss machine or iid, the leading wires 
should not be connected witil immediately before firing and should be dis- 
connected immodiately thereafter., 
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(15)- Yhan firine with 1 a. ‘Pasting mackine. the holes shoulda be connected 
in series or series-parallel, eas recommended by the manufacturer, 


(16) The number of detonators connected in eerie should not exceed the 
rated capacity of the blasting machine, 


(17) ‘The blasting machine should be betes in good condition and should be 
tested at regular intervals, 


JOB TRAINING 

Vory few industriel or nintag éciepand ee faye instituted " job -training" 
for the blasters or other persons working with explosives. In many cases 
the only requirement for the employment of a blaster is that the applicant 
knows how to charge explosives and fire them. Emphasis is given other types 
of work, and employees. are given. training in an approved method or way of 
doing particular work. they are assigned to do, This training results in 
increased efficiency and safety. ce 


Blasters and their suai stante- ghoula be sélentes with care so that 
careless men are eliminated, ‘The men chosen should be given job training in 
blasting, handling, and care of explosives, ‘The new man that is inexpericnced 
should be taught the safe way of. doing the work, and thé experienced blaster 
should be given the same training and required to Beeps the methods that are 
recogni zed as safe practices, . | 


Few, if any, persons ‘knowLngly work in such a manner as to endanger their 
own lives, It is believed that most unsafe blasting practices commonly used 
are the result of a lack of knowledge of safer methods or that the procedure 
‘is dangerous, This can ‘be corrected by. instituting job training-so that the 
new man will be taught the safe way of doing work while learning; experienced 
men will see the dangerous practices they have been using, while at the same 
time learning the sefer methods, sakes rules stone will not epee this 
purpose, 


mo SoMa TYPICAL BLASTING ACCIDENTS 


Generally, it is aifricuit to ietemmtins the sae. causes of blasting: — 
accidents, as in many cases the person who is directly responsible is killed’. 
and the cause can be determined, mand by Se aka evestabre informations 
which is often incomplete, ' a : 


A few of the common causes of blasting accidents are illustrated by using 
specific accidents that have occurred recently, Accidents from these and 
similar causes occur year. af ter, year.-. They can be eliminated if the blasters 
and other persons using or handling explosives are. taught safe methods of" ~~ 
blasting, and if supervi sory officials inel st. that they be used as a condition 
Of working, : 


Snelter Blas ting = Accident 


-.° Two men were injured ina bDlasting accident. ‘at & western smelter in ‘yeas. 
while. breaking up the sleg, The block of slag was about 14 feet long,:10 feet 
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high, and 4 fcot thick, and at the time of the accident it had been clcared 
away to within 2 feet of the furnace. Plug holes were drilled with a jack 
hammer and loaded with a half cartridge of dynamite; Hdles were fired one at 
e tino, 

Five men wore working on removing the ‘slag, sna? the foremen sent fines 
men away while he,and an assistant prepared a mud-cap shot on a block of slag. 
Tne explosion occurred as the laborer was handing some mud to the foremen, 
After the accident, the foreman gaid he was using 10 to 12 inches of fuse 
but did not remenber if he lit it, The foreman was selected to do the blasting 
becauso he had used explosives in a metal mine in 1929; the supervisor stated 
the foreman had been instructed how to 40. the work, and he had been working 
sati ena before the accident, 


onnent 


This is another case of using an untrained blaster, A fuse 10 to 12: 
inches long is too short to be used in any kind of blasting.- The standard | 
burning rates of fuse are 3 or 40 seconds per foot, which in‘ this case. --: 
allowed the blaster 30 seconds or less to reach a safe place, The blaster was 
evidently inexperienced and improperly instructed in ‘the -gafe pene of. 
explosives. 


Failure to Give Wa Causes an Accta 


A clay nine in Penney ivante had a fatal blasting accident in 1944 nee 
by tho failure of the miner, to make certain alt persons were in safe places 
vefore firing the blast, 


Tho mino is worked by the. reogeendcp!lar method, and the shots are fired 
electrically, ‘he blasting cable is supported on prope or along the side of — 
the roon and is not rolled up when not in use, ‘the company supplies blasting 
machines that serve seyeral working places, 


7 


Ls 


The foremen and a trackman entered the room to measure the yardage and 
were writing the resulta. when the explo sion occurred; the tracknan was killed, 


The minor had charged the drill holes, connected. the leg wires of the 
electric blasting cap to the blasting gablé, and then had gone to secure the 
blasting machine from a neighboring room, ‘The miner connected the dlasting 
machine to the blasting cable and fired the shot without making Br that 
enyono had entered the working place; the accident resulted, 

A blaster trained in safe methods of iste would: not have connectod 
the electric blasting caps to the blasting cable until. ready to fire the shot, 
and would hevo made certein that everyone was in a saft place betors firing. 


Accident Caused by Loading a "Hot" Drill Hole 


4A premature explosion occurred in a California quarry in 1944 as a result 
of loading a drill hole too soon after springing. The blaster died as a result 
of tho injurics received, eee 
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A ‘drill hole inclined about 75° from the horizontal was sprung and af ter 
waiting 20 ninutes: the blaster started to load the hole. The primer cartridge 
and one other cartridge.of dynemite were loaded, and the blaster was pouring 
black blasting powder into the hole when the explosion occurred, ‘the investi-~ 
gators believed .the. cause of the explosion to be the result of loading oxplo- 
sives ina Eee that was ts ae from tiie blast of the oo oe, 


Comnents ee 
‘Drill holos that are sprung as chambered to receive the final charge of. 
Sxoloeives should be allowed ample time to cool before nore explosives are - 
Loaded, preferably over night, but at least 2 hours, A prectical method of 
a6 ele ae positively when a drill hole has cooled enough to load explosives 
has not bcen devised; some companies are reported to use thermometers and..: |. 
some dlasters stick metal rods into the hole and withdraw it when the rod has 
been heated to the temperature of the chamber, The safest practice is to allow 
the hole tp cool over. night when it is feasible to do 80... : | 


~ 


. ae om i le Le: Fu e- 

Two accidents occurred within 10 daye in the same mine while miners were 
inserting safety fuse in blasting caps, In both accidents each man lost the 
thumh ene three fingers of the left hand, | 


ee 
d 


A minor obteined two blasting cane from a cache on sone tinbers and tho | 
accident occurred while the miner was placing the cap on the fuse preparatory 
to crimping it, It ie believed some foreign substance was in the Cap, and when 
the fuse was inserted (and probably ty sted), _the cap exploded, 


Tho socond accidsnt victin atated that the fuge wrepping was loose ni” 
that he had difficulty in placing the fuse in ‘the cap. The victin pushed | 
hard on the cep, twisting it at, the sane time, and ‘the explosion résul ted, 
The miner had carried thie blagting cap with three other caps loose in his 
pocket .from the previous day, and it. is probable that dirt or other foreign 
matersal was in the cap, : 


Comments 


Forcing fuse inte the barrel of a blasting cap, or ‘twisting the fuso — 
after it is in contact with “the explosive at the end of a cap, is inviting 
an explosion; for many years the manufacturers of blasting caps have warned 
against this practice, One of these accident victins had worked in the mines 
for 30 years and the other’ about 2 years; this emphasizes: the necessity of — 
instructing experienced , plasters, as well as new men, in thé hazards attending 
the use of explosives and in the safe ways of handling and using: explosives, 
Blasting caps should not be carried loose in the clothing nor allowed to ae 
around loose; caps should be stored in separate containers apart from other: 
explosives, | 


oe 
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Proba pn. Accel at 
A blaster and his peices were peccsine a shot on’ a rock = in a 
novaculite quarry in Arkansas, ‘The hole, 4 feet deep, was being loaded with | 
14 cartridges of pellet powder, size 1-3/4 by 8 inches, and was to bo. detonated 
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with a blasting cap.and fuso,: A.cartridge of-the pellet powder was. placed 
in the holo and was being. tanped with the wooden handle of a shovel-when the 
capinaton occurred; ' the paaster received injuries ‘Pat ron vee in hie dea th, 
‘Tho helper stated: the paper. weep ine: had been, canee from. the pellet 
powder,.and some of the powder spilled around’: the collar of tha::hole, ‘the 
blaster was smoking while loading the hole, It ig not definitely known 
whether a spark fron the cigarette ignited the explosive, whether the steel 
blade of the shovel struck a rock causing a po which ignited the explo- 
give, or.whether a natch fell fron the blaster! 8 cree and eee me ignition, 
as matches were y found in. hanes pocket, 3 


Connents 


The blaster was known to be careless in handling of: explosives, although. 
he‘ had had 20 years experience, All-of the possible causes of the ignition 
are unsafe practices in handling explosives: and: show lack of training. 
Smoking or carrying matches while handling or using explosives is a dangerous 
practice, and the use of tamping sticks with any metal parts is unsafe, 


‘ - 
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Two men were Kidiea in a blasting seeiaent ina shaft ay a eine in 1943 
because they underestinated or nore ee were not sa. sacar with the 
burning rate of. fuse. <r 


:... The shaft was’ 350 feet feet the: tine of the. scnddenti and the nearest - 
eafe refuge at blasting time was the 300-foot level, The men climbed to their 
refuge after lighting the fuse to blast a shaft round. The shaft work had 
been in progress ebout 3 nonths ‘preceding the’ accident; ‘and an average of two 
rounds was blasted each week, .The explosives were. detonated with caps and 
fuse, always a Rarernone method in ert el nking, 


The shaft foveden stated that 19 holey had been, drilled and each one: 
loaded with 4 aticks of dynamite, Normally, 6—foot fuse was used. He said, 
"This meant 6 minutes would be used to set off the dynamite, as the fuse 
durns a foot a minute, After lighting the 19 fuses, the miners climbed up 
the ladder to the safety station 50 feet above." On the day of the scelient 
the miners had trouble in lighting the. fuse, and the foreman who was waiting 
about 8.fect up the ladder timing the fuse observed that 4 ninutes had elapsed 
so shouted to. ‘the men. to get out as. only 2 minutes remained; one of the nihers 
replied. there was plenty of time and to wait for him, ‘he foreman shouted 
several tines fer the:men ‘to. get‘out and ‘started up: the ladder, but the niners 
did not follow.” ‘The shots oxploded end the nen were killed, 

Comments 

The hisses. presties in this shaft is wee pianned; using 6—foot fuse 
when 19 holes are to be lighted and requiring men to climb 50 feet to safety 
are inexcusable, ‘The foreman ‘said that-he held a watch, and it was agreed 
that all should retroat when 4 minutes had elapsod aftor the first fuse had 
been spit, under, the bak eet that the: fuse’ burns” at a nore = e foot a ninute; 
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hence. after 4 ninutes clapued from the tiret spitting @ "cushion" of 2. ninutes 
would remain to permit escape, As a matter of fact, present-day fuse usually 
burne at a rate of about 20 seconds per foot of fuge; therefore, at the end 
of 4 minutes the flame in the first fuse that had been spit should have. traveled 
6 feet (240 t 40= 6), The fuse evidently porformed in the way it’ should,. 
and these mon were the victims of a lack of lmowledge of the characteristics 
of the fuso used, ; | 

Unquestionably mary old timers were toa that the burning ee of fuse — 
is (or was) 1 foot per minute, and the men at thie particuler mine still held 
that idea, It would appear thet some educational work is needed ds apol the 
Adea that a "foot-a-minute™ is.the burning speed. naar 


the burning rate of fuse should be doternined facets and should be 
posted proninently throughout the mine, 


Eloctric blasting “fe genorally.a much: safer method | to use in shaft work, 
aaa as ot Page. te esha put Zootproot. 


CONCLUSIONS: 


Explosives are inherently dangerous; they are designed to be violent, 
disruptive, and destructive and only by recognizing this fact can their use 
be made reasonably sefe, Various groups have issued many publications that 
emphasize the necessity of adopting procedures in storing, handling, trans- 
porting, and using explosives that tend to minimise the danger, but it is 
only by constant vigilance of the supervisor and by extrene care of the user 
that accidents from explosives can be avoided, 


- Many safoty standards: have ‘been adopted as the result. of an accidental 
explosion that disclosed a“hazard that had. been overlooked, ‘Some experienced — 
blasters have beon killed or injured while using explosives, in exactly the 
game way they had been doing for years ~ only the condi tions that would cause 
the explosion did not occur until : the accident happened, Practices in 
handling explosives that will cause an accident in one locality may cause an 
explosion in acu sine piace under oe gene condi tions, - 


Blasters are eeldon given job training” in blasting and teaches the 
recognized safe practices in handling and using explosives; their training, 
all too frequently, has been to work with another “blaster until they learn 
the ways and practices of uging explosives from him, In this way the unsafe, ~ 
dangerous practices of one nEoeee are carried forward to the new men = 
are training, nds? 


Many. accidents result fron the use of eis gives by persone untrained 
in their use, who do not realise the hazards involved and do not know that . 
recognized safe practices have been established, This is particularly true 
in those industries and occupations that use explosives infrequently, such as 
agriculture, forest. workers, and workers in areas remote from mining operations | 
where explosives ere peed, . os 
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The safe seaehieas outlined in this pudlication are expectod to Bets nake 
the storage, handling, and use of explosives less hazardous to persons and” 
property, ‘They represent minimum standards for reasonable safety in this 
work but do not by any means cover all the known hazards. However, if the 
practices recommended are adopted and used, the blasters will work far more 
safely than many do at present, ‘and accidents caused by the misuse of fs oa 
sives will be reduced, : 


Procedures wi th: regard to the handling of explosives by comercial users, 
including those. etigaged in the mining ahd allied industries, are ‘not welle 
coordinatod insofar aa safety Is concerned, At least one major reform should 
be instituted, namely, the establishment of some cffective means of certifica- 
tion, possibly by. some Governnent agency, of all persone who. handle explosives, 
especially those who eotually. use them,” 
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